of skill into perspective, the currents are hindcast using a linear statistical model with the same inputs as the circulation model. The statistical model is optimal in the sense no other linear model with these inputs can achieve a lower hindcast error variance. For half of the current meters within 30 km of shore and two in the Nova Scotia Current the skill of the circulation model is not significantly lower than that of the statistical model. The largest discrepancies in the skill of the two models are found at the offshore mooring. We show that the suboptimal performance of the circulation model is due in part to the assumption of a spatially uniform wind field. We speculate that another contributing factor is the assumed form of the sea level profile along the open boundary that is upstream in the sense of coastal trapped wave propagation. Finally, the statistical model is used to estimate the increase in skill of the circulation model that may result from the assimilation of hydrographic data and additional coastal sea levels.
Introduction
There is growing interest in operational modeling of shelf circulation. Applications include the forecasting of oil spill and iceberg trajectories, the design and operation of offshore structures, and marine search and rescue. We are working toward an operational model of the circulation over the continental shelf of eastern Canada. In its complete form the model will assimilate coastal sea level and other readily available data. As a step in the development of such a model, we present here an assessment of the skill of a linear dynamical model forced by local wind stress and sea level from a single coastal tide gauge. A statistical model is used to estimate the extent to which the circulation model can be improved by tuning, for example, friction coefficients and assimilating sea level from more coastal sites. We recognize that some circulation patterns are not driven by wind and have no signature in coastal sea level. Another objective of the present study is to map out these patterns and quantify Analyses of this extensive set of current, coastal sea level, bottom pressure, surface wave, and hydrographic data have identified buoyancy input, local wind stress, and remotely-generated coastal trapped waves as important drivers of the subtidal circulation [Schwing, 1989 [Schwing, , 1992a Smith and Schwing, 1991] .
It is well known that continental shelves can act as guides for coastal trapped waves [e.g., LeBlond and Mysak, 1978] .
It follows that open boundaries of shelf circulation models that are upstream in the sense of wave propagation (the so-called "backward" boundaries) are potentially important sources of energy. The specification of the backward boundary condition is a difficult problem for limited-area modelers that has resulted in some ad hoc solutions. For example, in a study of circulation in the Gulf of Maine, Wright et al.
[1987] assumed a linear drop in sea level along their backward boundary that was proportional to the along shelf wind stress. In this way they hoped to account for the effect of wind stresses acting over regions not included in their model. In a study of time-varying circulation on the Scotian Shelf, Schwing [1992b] forced a linear barotropic model with a variable amplitude, first-mode shelf wave at the backward boundary. In this way Schwing was able to reproduce some of the empirical relationships found in his earlier statistical studies [Schwing, 1989 [Schwing, , 1992a and thereby provide the most convincing evidence to date for the existence of shelf waves in this region.
In the present study we use the ST93 model to hindcast currents observed on the Scotian Shelf during CASE The model is forced by wind stress, and its backward boundary condition is specified using observed coastal sea level. There are two major differences between the ST93 model and that used by Schwing [1992b] . The ST93 model is three dimensional, in contrast to the depth-averaged model of Schwing.
The ST93 model can therefore accommodate a more realistic parameterization of bottom stress in terms of bottom velocity. The second major difference is that the ST93 model is time stepping in contrast to the time harmonic model of Schwing. Although time-harmonic models are computationally efficient and have proved useful in understanding the dynamical response of shelf seas to local and remote forcing, it is difficult to envision how they might be used operationally to nowcast and forecast shelf circulation.
We quantify the performance of the ST93 model by comparing its hindcasts against an independent set of current measurements made during CASE The skill of the model is measured by the variance of the hindcast errors divided by the variance of the observations (henceforth denoted by 72). In general, the smaller the 72 , the higher the skill of the model. If 72 is less than unity, the observed variance is reduced by subtracting the hindcasts from the observed cur- tical model is optimal in the sense that no other linear model, dynamical or otherwise, can achieve a lower 72 . We are thus able to show, for example, that the circulation model is close to optimal at the mooring 30 km from shore. Differences in the frequency-dependent responses of the circulation and statistical models are useful in diagnosing the cause of the hindcast errors of the circulation model. For example, such differences lead us to conclude that the wind field over the Scotian Shelf cannot be treated as spatially uniform and to speculate that the form of the backward boundary condition should change with frequency.
In section 2 we describe the CASP experiment and summarize the subtidal current variability. In section 3 we outline the ST93 model and determine the number of eigenfunctions required to hindcast the CASP observations. In section 4 we examine the steady response of the model to wind forcing and flows through its open boundaries. The time-varying response of the model is compared against observations in section 5. Ways of improving the hindcasts are discussed in section 6. Results are discussed, and suggestions are made for future work in section 7.
Description of Current Variability
The CASP instrument array consisted of two lines of moorings running across the Scotian Shelf and one line running along the 100 m isobath (Figures 1 and 2 ). In this study we focus on currents measured by the four moorings on the Halifax Line (Figure 2) . Mooring 1 and 2 were within 30 km of shore and will be referred to as the nearshore moorings.
Mooring 3 was about 45 km from shore and lay in the path of the Nova Scotia Current, a primarily baroclinic coastal jet that flows along the shelf to the southwest. Mooring 4 was about 65 km from shore and will be referred to as the offshore mooring. Coastal sea level was recorded by three permanent tide gauges and bottom pressure was recorded by seven temporary coastal gauges (see Figure 1) The coastal sea levels were isostatically adjusted to remove the effect of air pressure (specifically, r/was replaced by rl + Pa/gPo, where p0 is a reference water density and pa is air pressure). Bottom pressure was converted into adjusted sea level through division by gpo. We will henceforth refer to adjusted sea level as sea level. Currents and sea levels were low-pass filtered to eliminate diurnal and semidiurnal tides. The filter had a cutoff period of 27 hours. Wind was transformed into stress using the parameterization of Large and Pond [1981] and then low-pass filtered. Time series of Louisbourg sea level and Sable wind stress, the inputs to the circulation and statistical models, are plotted in More interestingly, the correlations of a2 with coastal sea level and wind stress were not statistically significant. We speculate that the second mode of variation is due primarily to changes in the local density field. Smith and Schwing In summary, the agreement between the observed and,predicted vertical shears, the surface intensification of (32 at mooring 3 (Figure 6a ), and the low correlation between a2 Here s•,, sv, and s v are variances (cm 2 s -2) of currents in the alongshore, cross-shore, and major principal axis directions, respectively. The 0 is the direction of the major principal axis (degrees, clockwise relative to 68øT). Column 1 refers to observations, column 2 to residuals from the statistical model (see (4) 
Hindcasting CASP Circulation
For the next set of numerical integrations the wind was allowed to change with time. It was, however, assumed spatially uniform and equal to that observed at Sable Island (Figure 3) . The backward boundary condition was specified by requiring that sea level vary linearly with distance from shore, ranging from the observed value at Louisbourg to zero at the shelf break (Figure 3) . Two typical time series of hindcast currents at the nearshore moorings are plotted in In summary we have demonstrated that our linear, barotropic circulation model of the Scotian Shelf has significant hindcast skill in the meteorological band. Significant improvements in skill will be achieved by allowing for spatial structure in the wind field, a frequency-dependent relationship between coastal sea level and the backward boundary condition and, most importantly, the evolution of the density field with the flow.
